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Fermi Notional Accelcrdor Ldomlary’ 

B&z&, Illinoia 60510 

A new real time control and calibration syrfrm has b-n installed 
at thr Fcrmilab Nrurron Therapy Facility. An IBM-PC/AT we, ,on- 
4, is networkrd to tbc VMEbus.basrd Iron,-end computcrr using a 
Token Ring local area nr!work. Two 68000-based single board co,,- 
putrrr am urrd in th, r,ont md station to is&t? the tim,-c,iticaI dor, 
mramrrment and sccumulslion tasks from tbc n,tvo,k funrtionr. Tbc 
system ir fsbricatrd I,om commwrially available compute,, memory 
and data srquisitian cards. 

SoUrare in thr lronf end prorcrsors is written in aswmbly lsn~ 
gusg,, but application programs lo, thr IBM-PC/AT a,, witten in 
Turbo Parral. Chamber ralibralion, beam rrlibration and pati~nt dose 
dclivr,, functions WC all cont,oU,d thraugh th, IBM-PC/AT by the 
radiation Ihrrapirtr. Records of tach trralmcnt a,, printed automati- 
ra,ll sf#r, thr prrscribrd dose is delivered. 

Introduction __- 

Thr Fwmilab Ntutron Thctapy Facility (NTF) has brrn in apn- 
ation sinrc 1976. Th, original rompulc, cont,,ol system urrd an 8.bil 
MC6800.bawd procesrorl’l. This pap,, dcscribrs thr recently inatsllcd 
c.m,ml syrtm, bawd on \‘MEbus-6.8000 Iron, end compulcrs ronnrctcd 
by a Token Ring local area network lo an IBM-PC/AT ronsole. Thr 
IBh! camputrr praridcs all thr consol, and opcralo, inlrrlarr lunclions 
nwdcd To, (bc ~,c.Wncnf facilely. Fcs, essr of maintenance, the majw 
it? of ,hr systrm is asrrmblrd from rommrrrially availabl, rquipmml 
and thr IBM roRva,c is v,iltcn in Turbo Pascal. Safety ronsidrrations 
lor such a syslem and oprrsling rrperiencc a,, discussed. 

System ArchilccLurr 

Thr overd design of this svsrem, shown in Fig”,, 1, ir the same 
PA thr srrhiteciurr laud in modern accclcrsto, c~nt,ol ryacmr: a 
vorkstation.ba,cd ,on.o,c connt,led by a proven and rcliablc co,nm~,- 
cial local ama nclrork standard lo \‘hlEbus.based front-end prorrrsors 
that intcriaw lo tb, srceleralo, hardwarp. In rhir design, thr work- 
stafiw is M IBhI-PC/AT, the nrlwork is rhc IEEE-802.5 Token Ring 
standard, and brcausr if is small system, only on, VMEbus F,ont- 
end charsis is nrrdrd. For ralety ,ea~~n6, the,, a,, only LVO nodes 
on Ihr nrtvork during ~,~alm,nl. The VMEbus nod, contains $‘a 
68000 proressorr: a Locel Control Station and a BeamLine Coprotes- 
sm. Functions prrlormed by Lhr threr computrrr are given b&x. 

Therapist’s Cans& - 

Th, ronlolr provides 01, opc,atm intc,fa,r LO th, NTF c~nt,.~l 
rystcm. AU applirstion programs reside on and a,~ emcuted in the 
IBU-PC/AT. Thrrr programs inrludc th, facility rslibration, psticnl 
,,ra,ment. and dose distribution mrarurcmrn, p,og,ams. B&m sta,L- 
ing a trcstment, the therapist YMI the console to input patient dsla 
md p--t,,~ lo, the t,.%&&. Sornc or Lherc pa,amCws. luch ils 
dorr limits, a,, wnt ,o tbr 68000 syrlcmr. During patient treatment 
(h, cons& provider thr thcrspisl with i&,mation about the progress 
of !hr t,w&n,nt. though actual ,0.1,~1 0T th, beam resider with the 
Bcamlinr Coprocrrso,. 

‘Op...lrd b, ,hr “ni.c..*in Rnr.rrh *..oci.,ion Id., contraCt rith ,hr 
L’. 5. Drpr‘mcnt of be,&, 

VMEbus Systems 

The Beamlinr Cop,o,erso, resdr analog and digital slatus from 
,hc facility bardwar, for its own us, and .,so lo, “6, by Lh, Loral 
Station. When conditionr WC appropriatr for beam. lh, Coprorrrro, 
outputs a ‘Compu&, Enable’ signal l,o Lh, hard-wired inwrlock rhassis. 
During a treatment, the Beamlinc synrem moni1on thr dclircrrd dor, 
and ,mmvcs its Computc, Enable signal vhrn I,hr prczribrd dosr is 
reached. Scvrral other conditions monilored by fhir stali~n will also 
terminate the radialian in a way that rrquirrr opcrsto, intrrvrntion lo 
prorrrd. 

The Local Station proccsso, provides thr rnmmuniretion path b,~ 
twetn the IBM Console and rhc Beamhnc Coprocessor. ltr hsrdra,, 
and soRwa,e ax the same as !hr laca, ronlro, rtationr urrd fn, dir- 
triburcd acc~lr,at~,c~nt,~l at Frtilsb.l2i It has tbr ability lom~nit~, 
and c~nt,~l L 10c.l g,oup ol hardwar,, prorid, alarm sranning and ,,. 
porting, and rupporl a local control console. Communicalion b,fwrrn 
ibis ry~km and the Beandin~ Caproccrro, is by way or sha,,d m,mo,v 
message qucurs. 

Thr Local SLalion-Coprorerrorarrsn~rmm~ alinws th, d,dirawd 
Coprocessor to monitor the progress ol the trratmrnr without nnd~ 
ing LO service network rommu”ication. All sortrarp ror this prorwro, 
is mntained in PROM. The Local Station, in addilion 10 handling 
communication, controls cxperimenlal rquipmrnt rurh as positioning 
tables used lu, measuring dorr dist,,ibuLion in a phanlnm. Nnf, that 
pa,amel,,r rontmllcd by th, Coprocraso, a,, not dirvrllv rrr,rrihlc 
to the Laca, Stalion bccaur, thry a,, no, global \‘MEhus m,m~,v o, 
l/O. RAM variables, such as maximum dorr of Lhis L,calmrnl, a,, krpt 
in private RAM on the Coprocessor CPU board. Extwmal I/O makes 
USC of Motorola’s l/O Channel that is drivrn by thr Coprorrrw, CPU 
card ilscll. Because or this organization, an ,xt,,nal cornput,, ,annol 
inadvcrtentiy change se,,.il~ivc ps,am~l.e,r controllrd by th, Copmrrr- 
‘or. Rcqucsrs Lo rhangr Coprocessor settings musl pass ,h,ouph th, 
rharcd RAM queue and be proccsaed by the Coprocrrsor. 

AU processors in this system opersl, synchrnnourlr with Ihr 15 
HE reprtilion ,a ol I,hc Frrmilab Linsc. Mart ol thr tasks p,,io,m,d 
by the lhrrr computrrs in this syrtrm a,, rxrtutrd a! 15 Hz. Fiw,, 2 
,howr Lhe “MEbus c,at~ and rhc complrmenl of cards urrd 10 imp,,- 
men1 lhis system. The Beamline Coprorrwx end rh, Loral Station 
Each u&c a Molorols MVME-I10 CPU card and a Frrmilab-d,rigwd 
Crate Utility Card. This card accepts extcmal intrrruptr, supports a 
md lad consale. and contains disgnorlir LEDs, ryslcm timers. a 
watchdog time,, and twcz &bit digital I/O ports. 

Beamlinc Coprocessor 

The Coproc~rro, ryslem includrs a CPU card. a Cm,, Utilif? rard 
and rrveral Momrols MVME-410 digital I/O modulra that a,, ron- 
trolled by a Motorola l/O Channel, an &bit mast,,-slw, bus driven 
by the MVME-110 CPU card using tbt VMEbus PZ ~(IMCCLO,. The 
USC or 0th bus maker th, Cop,occsso,‘r l/O inacrcsribl, LO the Lo& 
Station procersor. Signals rrsd b? the Coprowaro, allns if tn mcmitn, 
the operation of rhr racility and rhc progrcrs ol th, wcalm~nt. Data 
acquired o, devclopcd b.v Lbc Coprocesra, are rlurcd in rhr shared non- 
vo,a,i,c RAM for USC by thr Lorsl Slation CPU. Thr FIFO card shorn 
in Figure 2 is a connection to th, c~nt,~l lyrtrm orthr Fcrmilab Linac. 
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Figure I: Overall system architrcturc for Neutron Therapy FaciWv conlrol vtem. 

The Coprocessor ru”rtio”s a~ a” cmbpdded rontroucr that prrrorms a 
rcll-d&cd pip of tukr and it6 PROM-based sortware is seldom 
changed. 
Local station 

A more romplrlr description or the Local Station is given in R&r- 
en<e ;Z]. For the Neutron Therapy Facility, the Local Sta~io” provides 
rhr support for the Token Ring Nrtwoik and handler Ihe rommuni- 
cation ritb thr Coprorrrroi. This v6tcm reads racility trmperalurcs, 
“erdrd by Ihr tons& computer, and rontrols rlepping motarr “red for 
dorr dislributio” studies. The Reribilify or the Local Station makes it 
possible to incorporate other cxp~rimrntal equipment into the facility 
without afkting the ~DTI critical Coproccsror. 
Therapist’s Console 

Thr therapist’s CO”S& is a standard IBM-PC/AT computer that 
only connects lo the rest orthp system by th- Token Ring. This makes 
nplarrmmt easy in case da computer failure. All the software ncces- 
sary roar frraammt will fit on a single 1.2 MB Ropp? disk. The parall 
port is used to automatirally print at a hard ropv record or each 
trrarmmt and a KG., port drives a” oversized alphanumcrir display 
in the ,r~atmm, room that rhow the p&iv”, dais. chair sngles, and 
rollimafor position. This inrormatio” is used b! thr radiation therapist 
during patient wtup. 

Soltvarp 
consok rorfw8rr 

Conso,e softwvarr ronrirts of app,icdon programs that allow the 
therspirl to co”twJ and monitor the treatment and ryatcm routines 
that arc ca,,rd by al, application propamr. Syst,em wuti”e. include 
keyboard and scm” handling rortraw and the Token Ring driver. 

Svstem Sortrare: The syrt,em sortwere is in precompiled Turbo 
Pawal unitr. Thr “rlvork unit handlrs the interlace betre” the IBM. 
supplied Token Ring device drivers and the paxa, e”riwnme”t. It 
contains procedures to get onto the network. ,c, paramclnr. ,eceive 
alam+ and request date rrom the LOCS, Control Station. This unit 
contains s&arc applicable to any IBWPC using Pluca, and a Token 
Ri”g communication system. It has. in fact, bee” incorporated into 
other data arquiritio” systems at Fermilab. 

prorrdures ror kvboard i”p”t and a sue” oriented UICT inter- 
fare are organized i” I) second unit. The UWT i”t~rraw bar firldr o” the 
scrp~n that WC used ror entering 01 displaying text, “umuica, values, 
and binary s‘atus da,&. 

Application Programs: The application programs use tbr genrral 
s~rmn softrare to prrform tasks that aw spccifir l,o “eutvon t,hrrepv 
treatment. Each or ~br spplicalio” programs bar a similar structure. 
They are all data-drive”, resl.timr programs that display prrtinrnt 
inhmation to the opetator at 15 He. Thry a,so send the therapist’s 
requests lo the Local Control Station. Each application initialrs re- 
quests r0r data horn tllr Loral station. The L”W, Slation <““li”“.i 
,a rend the requested data bark to the console every 15 Hz cycle until 
the console cancels the request. 

Tvoorthcapplicatio” program.arcusrd tocontrol the calibration 
proredurer that WC perrormrd each day below the beam is ,,.ed 10 
treat patients. In thr fin, procedure the rhsmbw farlo, is mwwnd 
b,v drtcrmining the ~mowit olcha,gr<o,,ccted b\ a sph~rira, io,,iz.tion 
chamber whp” it is exposed to a c&urn sowcc or know” activity. Nine 
rmamr~ment~ arc made under compute, CO”,~“, and the Irmperstuw 
prerwrr corrected chamber ractoris calrulatrd and wli,tc” to a 61~. In 
the second prorrdurc the spherical chamber is exposed 10 the neutron 
beam al the treatment isoce”W. Under computer con,m, the charge 
collected in this chamber is rc,et,cd to the charge rallrrtrd by a para,,& 
plalr ionization chamber permanently mounted in t,br wulm” beam 
just downrwrsm or the production target. The average or rrwral runs 
is used LO ~e.IwJate a multiplicaliw raclor relating signal in 1 hr pnrallvl~ 
plate chamber Lo absorbed dare at 10 cm depth in a tisrue-cquivalmt 
phantom. 

The third application program calwlater tbv parallel-plate cham- 
ber signal corresponding to the requested dose for a specific clinical 
IC~UP. The msgnitude or this tcmpe~.t~e-p~s~~ corrwtrd signal 
is sent LO the Beamline Coprocessor via the Local Control Station. 
AS trmmcnt proceeds under contra, orthe Bcsmlinr Caprocrssor this 
application program displsys status informshn with respect 10 the 
d&v-d dose, critical magnet CUIIC”~$ and olhrr sarety.r&led w 
tim. 

A rourth application program is used ror beam rtudirs and S,,OW 
the operator to remotely position a” ionization chamber in a liquid 
phantom ror the systematic mcasuwment or ~“,,a, axis drpt h dorcr 
and off-axis ntios. The ability to perrwm thw ~CLSUT~~C”~~ c&l\ 
allows for good quality control and mskpr it possible 10 look for long 
km changes in the beam. 

Local Slation S&ware 

The Local Station sor,warc wpportr a gv”cn, purpose dir,rib,,t.d 
control syrLem elation. The original implemcnlarion ol this IY~C~ 
was inrtalled in 1982 for thy upgrade or the Linar ro”fm, system. 



-3- 

Thr swlcm has rvolvrd rinrr that lime and hnr hen usrd to support 
standalnnr tc%l stations and as a rnmponrnf in a nrtwork or ,onlroI 
rtations. Ia mppm~ i) wile d hal r~ndc sppliralion program dis. 
plavs urrlul for disgnortirr and swrm ronfiguration. Ir &o lubillr 
dsla rrqurstr lrom the nrlvork and rmilr alarm messages about its 
Ioral drrirra. The lnral dstshnsr drfinrr fhr drtail,d nature or the 
station’s dcricrr and inter&es. 

The syslrm softwar, provider a pal h to olhc, CPU ropro,rssor 
rardlr in thr samr \‘MEbus rratr. A drvir-srtling message rrrrivcd 
rrom Ihe network can rrrull in a mtrsag, parsed via a rharcd memory 
qurur LO . e,prorrsror. The host that se”, the mcrragr need no, 
be acan that thr device is supported by the coprortsror. The local 
statinn’s database rontainr the nrrrssarp parameters for romposing 
rhr mnragt to the roprorerror. 

In the NTF ryrtcm. data scnl to the Beamline Coprocessor an 
passed through thr message ~UCUC. Data mcrircd from the Cop,ocer- 
mr arc made availablr to thr Local Station via shared memory. r,rom 
rhirh lhrr ar+ ropird into the Lore! Station’s datapool. Requests for 
Coprcersor.brrrd drvirr data ran lhcrrlon bc handled in thr same 
wav as data wqurrts lur device data read directly by Ihc Local Station. 

BramIinr Coprocessor sort rare 

Th, drdiratrd Benmlinr Copmcrssor is designed to support the 
partialar needs of the NTF brsm delivery hardware. It monitcrs the 
r~,,rntr or thr brnding magna that steer thr beam around a 90~ 
bend into thr nrutron.p,odurtion targ,l as vcU as supply voltages or 
thr A/D that is used to read thr ion chambers. II acrumtdstrr the pro- 
ton bram charge dclivrrrd lo thr target and Ihr ion rhsmbrr readings 
Ior the nc~tmn RUX. It ,III,YI.+~cs rhr r&o or ~CUL,D~~ produced to 
the prolcms impinging on the target. as weU as the neutron detection 
rffirirnry. II monilorr beam quality to cnsurc rrasonablc transmir. 
sion through the bending magnets. Whm anomalous condilions are 
dclertd or the pwrcribrd dose Limit is reach-d. thr Beamline Copro- 
rrsw, rwem inhibits further delivery orLin.w beam. 

The Beamlinr Cop,o,crror also supplier rupirs ol its data to the 
Linsr control system. which rrsidrs on a separate network. so rhst NTF 
oprrslim ran br monitored by thr Main Control Roam. A srpararc 
d+nnos,i, disp1c.v is 4.0 proridrd IO the progrmnmr, can diognosc the 
inlcmal health or the swcm. II is neldom used. 

Safety ConsidrraLions 

Thr Fennilab Neutron Therapy Facility has never considrrcd com- 
pulcrs 10 be pa,, of the &ty ,~stem. One cannot gusrantrr that an 
operating p,o,error viU ~CVC, rail. and ifs railur, OCWII, it could OC~UI 
11 anr point in the l xcculion or a program. leaving the s,s!cm in M 
unknown slate. Even Ihe action err ‘hartbrat’ style walrhdog timer 
rtm r~n0t make a lystrm romp~rtrly hiharc, because, ror ermph, 

--+- 
Mb= sh=*=d &rrn,in* 

22 
Copos.SSO, 

Figure 2: Beamline Coprocessor hlrdwvarr. 

the failu,, or a limp], bus trsnsrrivr, rhip ran krrp t hr swcm l,om 
rlcc.ring a Beam Enabl, signal pr~riouslv set hr tbr rwrm. 

&rely is handled by hardwired ryst,mr d,rignrd IO that unr& 
ronditians will dirallow sending beam to the farility. An inlrrlork 
chassis rcrcivcs status from la,ility equipmen LO drlcrminr whr8) lb, 
facility is ready for beam. Door intwlnrk. pow,, wpplr statnn5. and 
operator beam requests wc all inrludrd as inputs slnng with brarn 
permits and watchdog timrr inputs lrnm rhr Coprorrrsn,. The output 
from this chassis is a Beam Rrqurrl signal that is wnl tn th, Linar. 
Any input signal can negate this signal. and some ronditinns latch so 
that manual operator intervention is rrquirrd Lo ronlinw t,ca!mcnt. 

A second group or hardware is designed lo t,,minale a l,,atm,nt 
irthr Coprorcrsor fails lo do so. The prrsrribcd dor, of,a,h I ,e~tment 
is convrrrrd to ‘scaler unils’ to br l tcrrd in hsrdwarr preset s,aIc,s 
by the thcrspirt before trralmenl bcginr. Thr outputs or ionization 
chambers arc converted lo serial pulsr trains thal are rounl,rd by the 
scdcrr. If the preset dose is rxmdrd, the trcatmmt will (crmin~tc. 
In a similar fashion, the exprrwd treatment time is calrulalrd and set 
into a timer by the therapist. If this time is rxcwdrd. the treatment 
tcmdnalcr. 

The hsrdwam system dcsrribrd above is uwd as a bs,kup. For 
norma, operation the dclivcrrd dorr is measured .nd sr,umuIal.d bv 
the Coproc.sv,r, md thr Coprocrssor ~rrminales thr treatment rhen 
the required dose is reached. Anomalous ronditians drlcrled by Ihe 
Coprocessor viU slso ~erminstc treatment. 

In dclmsr or microprorrsso,.basrd system wliabililv. it should be 
poinlrd out that in the 12 yrarr or operation, the radiation Lhwapirts 
have not observed a ringlr inrl~ancr in which a computer failure ,csult,d 
in having treatment tcrminalcd by the bsrkup rystcmr. Thr UIC of 
Coprocerrorr maker it possiblr to easily include many more rhrrks or 
the equipment and beam quality without additional hardware. Thr 
entire racitily, its operation, and maintenance arc simpler and mow 
&able. 

The Rrxibility of a Local Area Nrtvark brings with it the por- 
sibitity or other nodes on Ihe network insdrcrlrnlly ,ha+g c,iti,a 
paramctcrr. As shown in Figure I, the Nwlron Therapy nrluork has 
only two nodes the IBM/AT and thr \‘MEbus Loral Station. Th, 
Token Rin.g multist*tion XCCSI unit is located in a visible plar. in Ihe 
opcrstor’s control room la insure that no other .srcers to rhc network 
is possible. 

Statur and Operating Expcrirnrr 

The VMEbus part of the system drscribrd hcrr was insrallrd in 
1985. and the IBM console has been in operation since Augur!, ,988. 
During devclopmcnt or the IBM system, the iacility was operated al- 
ternately with the old 6600 console and with thr IBM cons&. This 
aIkwcd s thorough checkout ofthe nw system before it xu installed 
pennanmriy. The entire system has been very reliable and the archi- 
tectur~ dlows a quick replacement of any romponent in Ihe ,BIP of a 
rdurc. 

Because or the modularity of the architecture. individual parts or 
the system can be upgraded independentlv as needed. For maintenan,, 
reasons, thr 66666 processor beard in the Local Station will soon br 
nple.crd with a 680X-based board in order to krrp the NTF hardware 
and sooRwsrc the same as other Local Stations at Fermilab. 
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